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Introduction
There is a large empirical literature showing the growth rate of loans tends to be positive during booms and negative during contractions 2 , with loan losses typically growing more than proportionately during the latter 3 . As a result, periods of fast loan growth are followed by periods characterised by a sharp deterioration in credit quality. If there is a positive shift in the demand for credit, banks can increase lending in two ways, either reducing interest rates or lowering the credit screening criteria for new loans. The latter leads to an increase in the number of potential borrowers, some of which would have previously been excluded as not sufficiently creditworthy.
Such borrowers have a higher probability of not being able to repay their debt, which increases the overall probability of default. When the economy slows down, the profitability of firms tends to fall, and consequently unemployment rises and household disposable income decreases, further eroding corporate profits. This generates a vicious circle: the financial position of borrowers (both firms and households) worsens and some of them are unable to repay their debt.
Following Bofondi and Ropele (2011) , the present paper analyses macroeconomic and financial determinants of bad loans applying a SVAR approach to investigate whether excessive loans granted during expansionary phases can explain the more than proportional increase in nonperforming loans during contractionary periods.
The paper is structured as follows: Section 2 briefly reviews the relevant empirical literature, Section 3 describes the data and some preliminary statistics, Section 4 discusses the empirical results, and Section 5 offers some concluding remarks.
A brief review of the literature
The dynamic relationship between macroeconomic factors and the quality of loans has been investigated in a large body of literature. One of the first contributions is the study by Keeton and Morris (1987) , who estimated a simple linear regression to examine the macroeconomic determinants of credit losses in a sample of 2,500 US commercial banks in the period 1979-1985.
They found that a significant proportion of loan losses was due to the particularly poor performance of some regions and sectors such as agriculture and energy.
Gavin and Hausmann (1996) examined how macroeconomic trends contributed to the banking crises in Latin America during the '90s. They considered domestic interest rates, expected inflation, disposable income and the growth of bank lending, also taking into account monetary policy rules and exchange rate regimes, and concluded that worsening macroeconomic conditions are a predictor for banking crises in many countries.
Demirgüç-Kunt and Detragiache (1998) and Hardy and Pazarbaşioğlu (1998) showed that bank failures can be attributed to macroeconomic shocks. In particular, the former analysed the macroeconomic determinants of banking crises using four different specifications of a multivariate logit model for a large sample of developed and developing countries during the period from 1980 to 1994. Inflation and interest rates were found to be positively correlated with banking crises, while the correlation with GDP appeared to be negative. Hardy and Pazarbaşioğlu (1998) focused instead on the identification of macroeconomic and financial conditions which are related to a stressful situation in the banking sector. They analysed a panel of 38 countries using a multinomial logit specification. The main result was that the failures in the banking sector are likely to be linked to slow economic growth.
Gambera (2000) used a VAR methodology to assess the impact of macroeconomic variables on bank loans at both national and regional level, using data on US commercial banks. He considered variables such as unemployment, income from the agricultural sector, GDP, the number of bankruptcy cases and sales of automobiles, and found that all of them, with the exception of car sales, are good predictors for the quality of loans. They used the bad loan to loans ratio as an indicator of credit quality and several macroeconomic variables. Having identified the main macroeconomic determinants of that ratio, they carried out simulations to measure the vulnerability to macroeconomic shocks of the Czech banking sector.
Filosa (2007) performed similar stress tests on the Italian banking system using a VAR specification including three endogenous variables (the default rate, default loans to loans and net interest income) and three exogenous variables (the interest rate, the exchange rate and a linear trend). He concluded that the procyclicality of these variables is not a crucial factor for the Italian banking sector. A stress test on monetary conditions highlighted the great exposure to this type of shock.
A very influential contribution was the study by Bofondi and Ropele (2011) , who tested the macroeconomic determinants of credit quality measured by adjusted new bad debts. We follow their approach in the empirical analysis below.
Preliminary data analysis

Data description
Our dataset consists of 17 monthly series (see Table 1 Banks (SOFF_ITA, IMP_ITA, SOFF_FIR_ITA, IMP_FIR_ITA, SOFF_HOU_ITA, IMP_HOU_ITA, SOF_BCC, IMP_BCC; see Table 1 ). All the variables have been deflated.
The second one consists of macroeconomic and financial variables. In particular, following Bofondi and Ropele (2011), these have been chosen to represent the following five main categories:
1) general state of the economy, 2) price stability, 3) cost of debt, 4) financial and real wealth, 5) trends affecting the economic situation.
The indicators for the general situation of the economy are the annual growth rates of the industrial production index (IPI_ITA) and of the retail sale index (RET_SALES_ITA) as well as the unemployment rate (UNEMR_ITA). A higher index of industrial production indicates an improvement in economic activity. It is typically correlated with growth in corporate profitability, while a higher retail sale index is normally associated to higher consumption. The unemployment rate has a negative relationship with current and prospective household disposable income. The expected sign of the relationship with bad loans is negative for industrial production and retail sales and positive for the unemployment rate. The cost of debt is measured by the short-term interbank 3-month Euribor rate (EURIBOR_3M), while for the long term we have chosen the 10-year interest rate swaps (IRS_10Y). The expected effect of an increase of short-and long-term interest rates on bad loans is positive, since the higher cost of short and long-term debt worsens the financial situation of debtors.
At the same time, a decrease in interest rates (a monetary expansion) may follow a cyclical downturn. In this case, the expected relationship between bad loans and loans is negative. Again, the sign of the relationship with credit quality cannot be established a priori.
The real and financial wealth indicators are the house price index (yearly rate of change, HOUS_PRI_ITA) and the main Italian stock index, the FTSE Mib (FTSE_MIB, yearly rate of change). In general, the growth of stock indexes reflects, among other things, an improvement in the current and future profitability of listed companies (and indirectly, even of those not listed who have economic relations with them) and greater household wealth. An increase in house prices improves household wealth, the value of the capital stock of firms and the value of collaterals for borrowers. Therefore, both variables should be positively correlated to credit quality (and negatively with bad loans).
Finally, the variable chosen as a proxy for the state of the economy is the slope of the term structure of interest rates, namely the difference between the 10-year IRS and the 3-month Euribor rate (SLOPE_3M_10Y). A steeper curve can be interpreted as an improvement in the expectations on future economic growth. The expected sign of the relationship between this variable and bad loans is negative.
Preliminary statistical analysis
The credit quality of the Italian banking system is assessed here using monthly data on bad loans for both the banking system as a whole and the CCBs, while loans decreased rather abruptly for the former and more gradually for the latter (consistently with the literature on the anti-cyclicality of 5 Bank of Italy n. 139/1991: "status di persistente instabilità patrimoniale e finanziaria idonea a intralciare il recupero del credito da parte dell'intermediario". 6 The Bank of Italy Governor Annual Report for 2001. The main features of the statistical distributions of the series described before are shown in Table 2 . Figure 3a shows the original series, many of which appear to be non-stationary.
Augmented Dickey-Fuller (Dickey and Fuller, 1979), KPSS (Kwiatkowsky -Phillips -SchmidtShin) and Phillips -Perron (Phillips and Perron, 1988) tests 9 suggest in most cases the presence of unit roots, except for year-over-year rate of change of industrial production and the consumer price index. Therefore, logarithmic first differences have been taken (see Figure 3b) . The series have also been standardised to allow comparisons.
The one-year dynamic cross-correlations between bad loans and loans and the other macroeconomic and financial variables are reported in Tables 4a and 4b . The relationship between bad loans and loans is negative in most cases and the highest correlation can be observed at lag six, as one would expect (see Keeton, 1999) . When the economy performs well, banks provide more credit and bad loans grow slowly, proportionally less than loans. During downturns, the growth rate of loans decreases or becomes negative (credit squeeze), while that of non-performing loans rises above its long-term average because of the worsening financial conditions of borrowers. Therefore, the estimated negative sign (see the dynamic correlation matrix, Tables 4a and 4b) reflects the different direction of causality between the two variables. The interesting issue here is whether the increase in lending during periods of buoyant growth is excessive with respect to its macroeconomic and financial determinants and whether this is related to a credit tightening, which leads to a credit quality lowering and to a more than proportional increase of bad loans when the economic cycle reverts. The dynamic correlation analysis does not give a clear answer to this question. Therefore, further econometric analysis is carried out in the next section.
As regards the other macroeconomic and financial variables, the correlation signs between bad loans and industrial production, retail sales, consumer price index, housing price index, the 3-month Euribor rate, and the 10-year interest rate swap is mainly negative, as expected. The unemployment rate and the slope of the term structure are instead positively correlated.
Empirical results
Macroeconomic and financial determinants of bad loans
Next we follow the approach of Kalirai and Scheicher (2002) 
where α is the intercept, soff t and imp t represent respectively bad loans and loans for all Italian banks (total bad loans and total loans, bad loans and loans to households and to firms) and for
Cooperative Credit Banks, x t is the set of macroeconomic and financial variables defined before, ɛ t is the error term, and p and q are the lag order of the autoregressive component and of other regressors respectively.
The results from regression (1) are shown in the first columns on the left of Tables 5a -5d together with the adjusted R 2 . Although the autoregressive component is not always statistically significant, it is retained to avoid residual autocorrelation. The estimated coefficients for the variables related to the state of the economy (industrial production, unemployment and retail sales)
are statistically significant and have the expected sign. Retail sales growth has a negative effect, but is statistically significant only in the equation for total bad loans and bad loans to firms of all banks.
As highlighted in the empirical literature, macroeconomic shocks affect the ability of borrowers to repay debt with a time lag. Specifically, this is 7 -9 quarters in the case of industrial production (2 for Cooperative Credit Banks), 9 in the case of unemployment (2 for Cooperative Credit Banks), and 2 in the case of retail sales.
Concerning the price stability variables, a negative sign is estimated for the consumer price The next step is the estimation of equations including all the variables found to be statically significant in the first stage, and eliminating those with multicollinearity problems. Equation (1) can be rewritten as follows:
where ρ s is a binary variable (equal to 0 for the macroeconomic and financial variables that are insignificant or affected by multicollinearity problems, equal to 1 otherwise) and dummy t is a set of dummy variables different for each equation. In particular, dummies were introduced in the bad loans equations in May 2001 and December 2005 for the equations with all banks (see Table 5a 5c), and in July 2002 for the Cooperative Credit Banks (see Table 5d ) in order to model the anomalies related to the securitisations already mentioned in 
Bad loans surplus during recessions
Having established the robustness of the econometric specification for bad loans (2), we now examine whether (i) there is an excess of bad loans during the contractionary phases of the economic cycle and whether (ii) this is a consequence of the excessive credit provided during the previous expansionary phases.
To A good proxy of the bad loan component not explained by its macroeconomic and financial determinants is given by the regressions residuals of equation (2) . These can be assumed to follow a standardised normal distribution. Therefore, we cannot reject the null hypothesis of the existence of a "bad loan surplus" when the cumulative function of the residuals is persistently above 1.96 standard errors (equal to 1.96 in the case of a normal distribution), i.e. for at least two months. 
Is the bad loan surplus affected by past lending policies? A B-Q SVAR approach
We test whether the bad loan surplus is a consequence of excessive loans granted in previous periods using the Blanchard and Quah (1989) method. This allows us to identify a sequence of temporary and permanent shocks from loans to bad loans using a bivariate structural VAR (Vector Autoregressive).
Consider the following moving average (MA) representation of infinite order
where, as above, soff t and imp t are bad loans and loans of all banks respectively, while the parameters ɛ Tt and ɛ Pt represent permanent and transitory shocks generated at time t. It is assumed that the innovations ɛ Tt and ɛ Pt are independently distributed with zero mean and constant variance.
This representation has also been adopted for bad loans to households and to firms of all banks and for the sub-sample of the Cooperative Credit Banks. 
In addition, a restriction is imposed such that temporary shocks ɛ Tt should not affect bad loans in the long term, by defining in equation (5) the cumulative effect of the ɛ Tt shocks on bad loans according to the following condition:
This implies that the sum of the effects of temporary shocks on bad loans must be equal to zero. Moreover, since Δ log imp t , Δ log soff t , Δ log soff_bcc t and Δ log imp_bcc t are stationary and the variables soff t and imp t , soff_bcc t and imp_bcc t are not cointegrated in levels (as shown by the cointegration tests reported in Table 6 ), the residuals can be represented in the following autoregressive form:
It follows that it is possible to estimate a finite order VAR for the equation (7), which generates a vector of e t innovations with a variance matrix equal to Σ, such that
where Θ(L) is a polynomial of finite order in the lag operator. It can be shown that the VAR residuals are a linear combination of temporary and permanent shocks:
where C is a (2x2) size matrix. If all four elements of the matrix C are known, it is possible to obtain ɛ t from the VAR residuals e t . However, to identify the elements of the C matrix four restrictions are needed, three of which can be obtained by normalising to one the innovations of a moving average representation and assuming its orthogonality, i.e.
CC′ = Σ
Substituting (8) into (7) then gives:
where
The fourth restriction can derived using jointly equations (9) and (13):
Using the restrictions given by (10) and (12) we are able to identify all four elements of the C matrix, while the full sequence of temporary and permanent disturbances can be obtained from (9) . The permanent loan shock can be interpreted as a supply shock, or the loan component not due to credit demand, but to an excessive decrease (increase) of credit during persistently positive As a first step, the lag order for all SVARs is set equal to 6 on the basis of standard information criteria. Cointegration tests rule out the existence of cointegration vectors among the variables included in the SVARs (see Table 6 ). Finally, all diagnostic tests confirm that the bivariate VARs are correctly specified (see Table 7 ).
Figures 5a -5d display the impulse responses. A permanent shock of 1% to the loan residuals (i.e. their component not explained by economic fluctuations) leads to an increase of over 50% of total bad loans of all Italian banks (Figure 5a ) and it takes about 14 (24) months for the effects of the shock to fall below 10% (5%). The effect is higher (around 70%) and more persistent (36 months to be under the threshold of 10%) for bad loans to firms (Figure 5b ), while is not significantly different from zero for bad loans to households (Figure 5c ). In the case of the Cooperative Credit Banks (Figure 5d ), the initial effect, always positive, is much lower (34.8%) than for all Italian banks, but persistent: it takes 16 (26) months for it to fall below 10% (5%). Finally, Granger causality tests (Table 8 ) provides further empirical confirmation that lagged loans contain useful information to predict total bad loans and bad loans to firms of all banks and total bad loans of Cooperative Credit Banks.
Conclusions
The empirical literature on the relationship between credit quality in the banking sector and macroeconomic cycles has emphasised that the former is affected by negative macroeconomic and Table 2 . Source (see also Table 2 . Source (see also Table 2 . Source (see also Table 2 . Source (see also Table 2 . Source (see also Sources: see Table 1 . Descriptive Statistics: see Table 2 . Sources: see Table 1 . Descriptive Statistics: see Table 2 Figure Note. Bad loan surplus with respect to their macroeconomic fundamentals is the cumulated function of residuals for the equation (1), where the dependent variable is total bad loans for Italian banking system regressed on its macroeconomic and financial determinants. Under the assumption of normality in the residuals, the existence of a bad loan surplus is considered statistically significant when the cumulated function of residuals is persistently (at least two months) above 1.96. Note. Surplus of bad loans to firms with respect to their macroeconomic fundamentals is the cumulated function of residuals for the equation (1), where the dependent variable is total bad loans for Italian banking system regressed on its macroeconomic and financial determinants. Under the assumption of normality in the residuals, the existence of a bad loan surplus is considered statistically significant when the cumulated function of residuals is persistently (at least two months) above 1.96. Note. Surplus of bad loans to households with respect to their macroeconomic fundamentals is the cumulated function of residuals for the equation (1), where the dependent variable is total bad loans for Italian banking system regressed on its macroeconomic and financial determinants. Under the assumption of normality in the residuals, the existence of a bad loan surplus is considered statistically significant when the cumulated function of residuals is persistently (at least two months) above 1.96. Note. Surplus of Cooperative Credit Bank bad loans with respect to their macroeconomic fundamentals is the cumulated function of residuals for the equation (1), where the dependent variable is total bad loans for Italian banking system regressed on its macroeconomic and financial determinants. Under the assumption of normality in the residuals, the existence of a bad loan surplus is considered statistically significant when the cumulated function of residuals is persistently (at least two months) above 1.96. 
Figure 3b. Standardised series in logs
Figure 4b. Surplus of bad loans to firms (Italian Banks) wrt their macroeconomic determinants
Figure 4d. Surplus of bad loans (Italian Cooperative Credit Banks) wrt their macroeconomic determinants
Periods
Note. Impulse response analysis on the basis of (3) - (12) 
Note. Impulse response analysis on the basis of (3) - (12) B-Q SVAR estimations. The impulse in this figure is from total loans residuals to total bad loans of Italian Cooperative Credit Banks. 
Figure 6a. Variance decomposition (total loans to total bad loans of all banks)
Periods
Note. Variance decomposition analysis on the basis of (3) - (12) 
Note. Variance decomposition analysis on the basis of (3) - (12) Note. The estimated regressions are equations (1) and (2) . The dependent variable is total bad loans of all Italian banks. All variables (with the exception of industrial production index and retail sales index are in logarithmic differences) and have been standardized. *: significant at the 10% level, **: significant at the 5% level, ***: significant at the 1% level. Note. The estimated regressions are equations (1) and (2) . The dependent variable is bad loans to firms of all Italian banks. All variables (with the exception of industrial production index and retail sales index are in logarithmic differences) and have been standardized. *: significant at the 10% level, **: significant at the 5% level, ***: significant at the 1% level. Note. The estimated regressions are equations (1) and (2) . The dependent variable is bad loans to households of all Italian banks. All variables (with the exception of industrial production index and retail sales index are in logarithmic differences) and have been standardized. *: significant at the 10% level, **: significant at the 5% level, ***: significant at the 1% level. Note. The estimated egressions are equations (1) and (2) . The dependent variable is total bad loans of Italian Cooperative Credit Banks. All variables (with the exception of industrial production index and retail sales index are in logarithmic differences) and have been standardized. *: significant at the 10% level, **: significant at the 5% level, ***: significant at the 1% level. (t-6) 
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